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(jjiLUH Aj£Loi!>UI l-UjSj 


^ 1_p 

al)l 4^j j ^iClp ^>LJl 

a*j Lai A 4 >s^ 4 ? £^*4 j aJl j wLo^- ^1 p j»*}L^Jl j SMs^l j ai wLoJ-l 

f 10Mbps C^rd')^ (j> I^-Vj olSGiJl ji Lp (3 oUyJl jjP — j j — <U* Owo-ISsj 
^ 10 Gbps ten giga Ethernet ^ lGbps giga Ethernet 3 100Mbps fastEthernet 

tera ethernt ^ 5 SjJyli 2 ^Jt ^ c~^i j 100/40 Gbps 

CCIE R&S ^j 3 ^~ o>VL<L* jj j* f.j>r c^ail / Ip jjs> lajk j 

J^G _/•- 4 -4”i l* k-Jta ou v ,jl _j 
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(jjiLUH Aj£Loi!>UI l-ujSj 


Ethernet 



iA£\ oiSLiJi hjj jdi 10 Mbps 2 l e-j** oli dJLlj Jua« j bJli <LS cJ^I jp ^JiSG L«Jlp 

£>- olSL^Ji ji Ip JLp s^k^J.1 2 UyJi ^ j»Lp jjyup ^ u^j u gj_u Ju> oJis' jJi . Local Area Network 
aSjU oUy- 1^%" u j Giga Ethernet 3 fast Ethernet IJU j 

l^^^lO j»lp . ^ U> aj ^ ^ I i c 1 . j ^ I • i a j to Ld Aj^-A‘S- * • ^ o ^ 1 ^^p ?— o 1 *^.a^p t.1 

frames ^ Sjy^ oi^ Jl L^^i; j oULJi Ju j>p Local Area Network U^l oSGiJi J 
<jCiy*J' y j destination l^Ji jf a^ jJi a^\ 3 source l^a. ^ jdi 2^1 ji^ ^ JT 

l^jiJj jup l^^Uvx~ui j 0 ULJ 1 ^ jjjs^JJ $,y>r i3 ap-jj j .MAC address j 48—bit Jjiaj 

error-checking data 

as.t?u ^Ji j ~ i yy L - J '^j^yjj j . y* c ~~* yy. j IEEE 802.3 jLjt* y 2 ^ t» JiS”" e4!i (3 j 

y Ua (j 1 &\jJ jJl j OSI y 4j\jyi\ 


Ethernet family of local area network technologies 

Speeds 10 Mb rts/s e c: [10 BASE 5-10 BAS E2 ■ 10 BAS E-T) ■ 100 Mb its/s ec ■ Giga b rt/s ec ■ 10 G ig a b its/s e c ■ 10 0 G ig a b its/sec ■ I era b it/sec 

General IEEE 302.3 ■ Physical layer ■ Autonegotiation ■ Power over Ethernet ■ EtherType ■ Ethernet Alliance ■ Flow control ■ Frames ■ Jumbos 

Historic CSMA/CO ■ StarLAN ■ 10BROAD33 ■ 10BASE-FB ■ 10BASE-FL ■ lOOBaseVG ■ LattisNet ■ Long Reach 
Applications Industrial ■ Carrier ■ Audio ■ First mile ■ Bata center ■ Energy Efficiency 

Transceivers MAU ■ GBIC ■ SFP ■ XENPAK ■ XFP ■ SFP+ ■ CFP 


Interfaces 


AUI ■ Medium Dependent Interface ■ Media Independent Interface ■ Gigabit Media Independent Interface ■ 
10 Gigabit Media Independent Interface ■ XAUI 




^]fc. ^ Cjlc-^pudll 
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(jjiLUH Aj^LOUI 


\jjli JjJjLl Ijjk 3 -Up j 

otSLoJi jl Lp 3 Token Ring uluil 2 Ll£Ji oJik oil ut Lijf 

Ldi Uif OSI 4 -jL)J^jL)I T^l ^aJ^JI (3 Ju«ISsj 4-jJLSI 01 L^Jlj 

^ j 10 Mbps ap^^S" cJ^VI jp Oil olSLoJl j oLp^I ji Ip o^IjL* J^-l y* Jliil 01 U j 

3 jl jjjljJl o^IJlpI JlS^ j 4^jlS_xS" c-J^jVI ^J,! JS^^ill L* ( jp JOju ( j-U I-O^jI 

Jol. ^ijlp! Ji Jli^i 3 ^ ^ ^Ji j Uj^p j int g 0/0 j int f 0/0 j int e 0/0 j^i jSd^, 

4_<i0^c_Ll ^ ^ Lp^wvsJ l I ^ ^|*uj^^01 


IEEE 802 3 / OSI 


Lajer7 (Application) 
La>er6 (Presentation) 


Lajw f (Session) 


La>er 4 (Transport) 


Lajer 3 (I'fefevodt) 


IEEE802.2 

Logical Link Control (LLC) 


IEEE802.3 

IEEE802.4 

IEEE802.5 

IEEE802.11 

CSMA/CD 

Token Bus 

Token Ring 

Wireless LAN 



Open System jUy Js- x^z i y \x^\i *>wi y *>uu UU dJju cjy/y ^p jJPj i*ji^p 
dyy.1 IEEE . oLyySOy ^x^> z*#- jL*^ ^p j yljyJi uJaji j Interconnection 

IEEE 802.3 

^ cjy/y OSI j Physical Layer a^lli a^Jli UJ 2 J 1 <yf OSI yL. Jy j cjy/y ^ j 
^y ^ A^-y^-L j ^^"-4 y-^ yy $ap yi OSI oy 802.3 i?.^ IEEE 1 yLj y^ IEE1E 
l«_lj o*)t)iSsJi wUp 10 Base5 u./?. z ~^~ cyy'yi y ASLaJi ouiy y^ii-i yjislii 

j oLy r yjb^! ^ dJJi J^iC i»j Twisted aJjjl^i o*y>iyji ^ y«i>c!! jup 10 Base T ^Lk^li 

RJ o^lSlU oLU 




l”1< u : ;3l ^Jtc. ^ Cjlc-^udll 


















wireless4arab.net aj£Loi!)UI djKu*»\l L_uja j 

j L-A.^1 4-J-^l d^ lS\-pdJl ^y2^. I 4 ^_JL*-Py ^ jij^JI ^ jol*l»l ^jA 4^>c-v^ AS'ystjZ: IEEE 802.3 jd*J J 

yA jg 13 43*)lp 4 J la j cfJJi £_dj L» j OSI ^J^a olLJl JgJj AjLI? j 4-jl^iJl aJLIsJI <3 lg 13 WAN ^j^a L^l*j 
CSMA/CD JuLa L 4 JI dglCJl Jjjj J^Jg j <_ jU j j ^jjl^Jl Jda j dg*)llS2l j 0 *)l*gjJ*! 


^Juo^P 4llgJLa ^j-a A-daj 4l>-^a ^^ 2 ^ l ^ I^a ^Jl$^ dJlpj3 ijl^a ^1 ^Ju^2J 4 ^Pj 3 jol^a ddp ^l^*J*! dp-^~ ^ 

l^JLa J C-ljdV ^ (3 jl ^JlAJ LgrjJjJ^SCj jl 


4 *j^Ji o^liS2i j^p oiiJi Jjlj j OSI (3 10Base2 Joii j 802.3a 


Repeaters o^^il oMy 802.3c 


aJjJ^tI o^AjLS 2 | j\_p olLJl Jjjj 802.3l 

Fiber optics Vj^Ji o^ltSCii _^p J^Ji oii^iy: 802.3j 

full Duplex A^jit oiUi Ji; oUvgiy» 802.3x 


joLiJl dg*)l IT j^p d-Ojd I Udrl 4P^o oliU! ju 802.3z 


4jj^4i 00 ISnJ 1 yS' ciOi udri ap^o oUUi ji 802.3ab 


jyiili oOOiT^p 10 giga a^o oULJi 3 * 802.3ae 


802.3at ^«_^o Jj-btj 4 J j POE ooois”" j>p 4 iiii!i 3 ^ jj& ^ ^jye]\ ^ (3 3 o«Jt UiL-L^ 802.3af 

802.3au. ^a»wu ^ 

Ethernet in the First Mile ^ juu 2 iL~. Jy j cJ/jOJI 802.3ah 
aJjwUi oOOISOi j>p 10 giga 4^^ oULJi jsj 802.3an 
4 _ju cj 100 3 ^ c—> 0 x~^- 40 ,j yj \j3 oULJi ^jjLj 802.3ba 

J*lT cpUS" J-ju 01 a*j VI olSdiJl (3 4 jLx$\JI Ip (3 ®jpj c^-Lp^ JjaH j j3^3 L&j^p j 

OSI j IEEE J*>u ^ oiSdli 0 ^ 4 ^ o^ 


JUd 1 <qH ^)0lj 


t"'Kn.ll ^llx. ^gi djlc-Jjudll 4-JO^ 1 
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(jjiLUH Aj£Loi!>UI ckKnAl 


Fast Ethernet oiSLi 

cjp.'yi ^ SjLp 100BASE-TX /\ Fast Ethernet ^Lk^» jyju j CulSki (3 

10 oli kkA' cJji'yi olSkiu SJ jLL» M.bit/s 100 \s-j ~.j olilJ! JitJ ^Js- ASkkJl Juc4 jJl 

Mbit/s 

gigabit 4^vjl_o» ol (Jj 1995 3 AS^tkil j_o» sJj^k ®al olSkaJl jt^kl la& Ja>-I -Cl! j 

cJ/jVI olSCgi j,y> ^ a>-I jf (jJJl . Ethernet 

Fiber UTP O^AjIS" ^ip i^y^- <LS\_<-A> ALj C-Jjolsu* J^JL* jL^tU 

10BASE-T dJJjj j Bus j Stcix (3 CSJN/LAl/CD 

5 ^ jyj 100 u^o TX jf FX y> X 100BASE-X Fast Ethernet Js- jlk j 

baseband signalling kk; Ji Base \J jL*li 

100Base-TX: Category 5 UTP 
(two pairs in use) 

100Base-T4: Category 3, 4, or 5 UTP 
(four pairs in use) 



Maximum of 205 meters between end nodes; 
up to 228 meters between end nodes using fiber 


twisted pair sJjaki js- oULJi JkJ Fast Ethernet J jL*^ ^ ijVs- BASE-T100 jcm 

yS' JjlJJ 100BASE— 1 1 X Ja« a ^£-3 jot*^ ®ap ai^- 3 j? k jj ^ a^ jfc« 100 dj)k j cables 

Juts' 3 ^jSf' ^ ibL-i j Fast Ethernet 3 a s LJi jL*ii y> j ibL-i ^Laii ois Cat5 

ki-k j jLjk^^AJ j Jkxj^AJ L£a>-l kai ^pl Ajli BA.SE—T10 Jl3-l y >& kk" j CdA.T 5 

TIA/EIA-568-B LaJ^ 


^JOLLaII ^ jLj 


L"l<n : ;dl Ale. ^ Clllc-^judll 
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jjSJaUU Aj£Loi!>UI CjKntill 

ibLa oii Cat3 o^jis 'juu 100BASE-T4 id 


oRE ^ ^ 100BASE-T2 o*^ir^ jjlU 100BASE-T2 


joUJl CJ%& 

j>ry Jjk JLp J^*j ^aJl 100BASE-FX Ja» ^uJi obits' JLp Fast Ethernet ^ a*-y 
full-duplex £. ^2 j half-duplex ^ y 412 Jjk a^ (nm near-infrared (NIR 1300 

LED d-®-*-’ i^V eJL j 100BASE—SX^ ja* j-uii otAjlS" j^aj a^rjj dlla^" 

eJifc (_j jS'^i ji vi 10 Mbit/s j 10BASE-FL dliaS”" Laser l y- tLaj 

IEEE 802.3 Jj y i^ao ^*ap 2>^Ji 

40 j 20 j 10 olii^ Js> dJJaJ j single mode fiber ^ 100BASE-BX id 

j JLvj^aJ 1310/1550 nm ^y J_d> 5 ^ 

10 JjL Js- 1310 nm J^k; single-mode optical fibers j y&i- ^y-\ a>c~j a^y dJJai' 
SC, ST, LC, MTRJ , MIC y* Jj>s2L^I j*_l> AAjL-J| J 



^ t. >1 \a\\ 


l” 1< u : ;3l ^]fc. ^ Cjlc-^pudll i_j^. 
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(jjiLUH Aj£Loi!>UI l-ujSj 


SFP 

Wavelength {nm) 

FiberType 

Cable Distance 

GLC-FE-100FX 

G LC-F E-1OOFX-RG D 
GLC-GE-100FX 

1310 

MMF 

2 km (6,562 ft) 

GLC-FE-100LX 

GLC-FE-100LX-RGD 

1310 

SMF 

10 km (32,010 ft) 

GLC-FE-100BX-LJ 

1310 

SMF 

10 km (32,010 ft) 

GLC-FE-100BX-D 

1550 

SMF 

10 km (32,010 ft) 

G LC-F E-100 EX 

1310 

SMF 

40 km (131,240 ft) 

GLC-FE-100ZX 

1550 

SMF 

00 km (262,400 ft) 




l-<K w*\t aIIc. Cjlc-^udll 
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(jjiLUH Aj£Loi!>UI CjKupII l-ujSj 


oicyS' jLvji ^iL" jp jodi ^Lkviii y 1 GigE jf Gigabit Ethernet GbE jyx J olSGi (3 

3 <Jp*l! IEEE 802.3 jLd. UT (1,000,000,000 bits per second), Lilj cPo oJl 
ijjss j 2010 <JjL- ^ ta>r j 1999 3 14a (3 ^pj ^ j 2008 

Half-duplex j~»Sn yJaJl ^ppu Lyf aXJ j full-duplex J^iyji oi^J jL*1i 

100 A£yu» ^1,1 l'jjjUt j<r 10 Mbit/S ASyy diJi j Xerox 0 j^-Jui\ A^yS* Ah^j\y 0 1 Jj 

jjjJaj ajiSG (j !ju j c^isy^ (J,\ As>r\J~\ oijj (. fkstethernet j ^3^ b* JVlb/s 

Gigethernet J . ^amJ b® ^ I 1000 Mb/s Ji ap^Ji 

Ip bjid jt IEEE 802.3z j Ip 1998 y^j 3 IEEE ak •. * 4jLL3y ^pp^ jL*^ Jy jy!i 3^ ^y 
y- jot? jJi j CX , SX , LX Jp» i$Jp yyp* llIs id*' - * - * X cy- 1000BASE-X 
jL> jlS ja jsi Multimode j ji* yLT y j£\ aL^ki! oiiL^IJ Single Mode Ji* ^.UJl o%p»y 

CPJjil Lstdrl jfcf' AjSG'dl <—AJjjj32ll ol>rji.l 0*)l*45ji. jLjJ.1 IPPi f 

4pyJi ®pp Ji y Gigabit Ethernet o <3 j IEEE 802.3ab ^ 1999 3 j ^ eJJi p^ 

jL*1i Up u-j y j CAT 5 , 5e , 6 y unshielded twisted pair (UTP) 3ys4i o^iSOi y 
yi; Ji backbone network _kii oiiCy Jy, yu 4jy" y Up j 1000BASE-T j y,u 

desktop technology Jyad L5 Laii 3J1 y 2000 ^uJi yu j desktop technology lyj kjj 
j k ^ j 4 pp 3I dPp d* ^ 4S^Pi cpp^p ■ 4.. /? 4.1. li 0^y i 000BASE 1 1 1 

PowerBook G4 j Apple's Power Mac G4 



^ t. n \a\\ 


A\i Gtc, dltc.^)jal]| 
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(jjiLUH Aj£Loi!>UI 

jjjj>r aJjU ^ c^>- IEEE 802.3ah jLoca f 2004 ^Lp 3 

Ethernet in UaJ Ljr *~o j 1000BASE-BX10 j 1000BASE-LX10 u* j ^oiiJi £j%*y 

the First Mile 

i^lp jjKiiw. j backbone oiiGi j 1Gb J Jj-lS' Sjj&U- 10Gb Ethernet ttyJi e-sis' 2006 J^L- 

(Sj>-\ aJULa 3 

dAA JS2xJl ^ 


Gigaethernet 


Twisted 


CAT 5,5e 


1 

Coaxial 

1 

Fiber | 



Single Mode; 


U 


Multimode 


Nader T&naTisi 




oJl& (J J Jor- I X& J 




GiK w*\t ^Jtc. ^ Cjlc-^udll 
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(jjiLUH Aj£Loi!>UI l-IijSj 


Name 

Medium 

Specified distance 

1000BASE-CX 

Twinaxial cabling 

25 meters 

1000BASE-SX 

Multi-mode fiber 

220 to 550 meters 
dependent on fiber diameter 
and bandwidth 

1000BASE-LX 

Multi-mode fiber 

550 meters 

1000BASE-LX 

Single-mode fiber 

5 km 

1000BASE-LX10 

Single-mode fiber using 1,310 nm 
wavelength 

10km 

1000BASE-EX 

Single-mode fiber at 1,310 run 
wavelength 

~40 km 

1000BASE-ZX 

Single-mode fiber at 1,550 nm 
wavelength 

~ 70 km 

1000BASE-BX10 

Single-mode fiber, over single-strand 
fiber: 1,490 nm downstream 

1,310 nm upstream 

10 km 

1000BASE-T 

Twisted-pair cabling (Cat-5, Cat-5e, 
Cat-6, or Cat-7) 

100 meters 

1000BASE-TX 

Twisted-pair cabling (Cat-6, Cat-7) 

100 meters 


C^Jyl oLJ-kl* 


l^illj 4JII2JI Aj^kj eiJjw\J O^sj (Jl Jj'y 4-oo*JjL& 0j\ Aj^y£> <La^J uo^J 


dj*^ 


L «1 j aSCxJI djj!i ^43 (_jytll (j^Svi .1 L«l j cayl 4 ^C>> 4 iijikll oU^Ssi .1 y> 

Ju«j<lS y^tjJl aJ^j 4SIL2J! 


cay I L^c-Jrl olSCaJ ^li! j^lU 


j CUyl L??c-iJrl ^_PJj jL^r ,g*P ^yp ^ I 4*jjl 4^cJlj 

Jy yi u JjiSCii ^fj y j Connector Jy^ii y yiSC j yliJi o/jL. UIp j Cable JjIT yji; 
c/b (3 (^iJi jj^ j Mim-GBICs (SFP3 jt CjBIC j l« ji Transceiver 

4j JjISnJI 

o-j jJ ^wi>cjL-vj y?c^: j Patch Panel Fiber ^^IwL>c^i ^p UL^~1 s-C^ *iSbu& 

Patch ju ^ jy^i JjIS" y j Patch cord fiber y y!l j Transceiver 4j j joLlil 

joLsJi Panel 


'k>jj^-\ j Sjj-L^rl obblSCU ^J-v2j Lv£2j! C~b^ el (*~4 JH 




JOI 1 <q\I 


c_ii£y]i ate. y ciic.^ud]i 
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4-UjaJlj (jjlLUll Aj£Lo)!>UI CjKntill 
C I I ^ I La«voJ^^uv\J I I 


A^aJLa} I 0 tJL& ^_P" Jj ^ 1 LwVwU^^wvb 1 0 wh& ^ ^ w 


Catalyst 6500/6000 Series Switch 

Catalyst 5500/5000 Series Switch 

Catalyst 4500/4000 Series Switch 

Catalyst 3550 Series Switch 

Catalyst 3750 Series Switch 

Catalyst 3750 Metro Series Switch 

Catalyst 2900-XL/Catalyst 3500-XL Series Switch 

Catalyst 2940 Series Switch 

Catalyst 2950 Series Switch 

Catalyst 2955 Series Switch 

Catalyst 2970 Series Switch 

Catalyst 2948G-L3/4908G-L3/4840G Switch 

Catalyst 8500 Series Switch Router 


Catalyst 3560-24TS 

Catalyst 3560-48TS 

•••••• ••«••• 

■••••• •••••• - • 

^ «»>«>«> *ut««M a a 

• 24 10/100 + 2 SFP Ports 

• 48 10/100 ♦ 4 SFP Ports 

Catalyst 3560-24PS 

Catalyst 3560-48PS 

•••*«• •*•••« 

1 *«**>> W»»M - a 

• 24 10/100 + 2 SFP Ports 

• 48 10/100 + 4 SFP Ports 

• 370WPoE 

• 370WPoE 

Catalyst 3560G-24TS 

Catalyst 3560G-48TS 

••••«• a a 

M »••••« 1 »»«*•« a a 

••••«••• a a 

• 24 10/100/1000 + 4 SFP 

• 48 10/100/1000 + 4 SFP 

Catalyst 3560G-24PS 

Catalyst 3560G-48PS 

»•«»»« - • 

•fttff W99WW9 « • 

| ...2S5SSE — a - j 

• 24 10/100/1000 + 4 SFP 

• 48 10/100/1000 ♦ 4 SFP 

• 370WPoE 

• 370WPoE 


Catalyst 3750-24TS 

Catalyst 3750-48TS 


******** ******** ******** * ■ 

^ *•*•••** »»•»•*»» **»*»*«* a ,i|. | 

24 10/100+ 2 SFP Ports 

• 48 10/100 + 4 SFP Ports 

Catalyst 3750-24PS 

Catalyst 3750-48PS 

n »*■■■■ ■■■■■3 


• 24 10/100+ 2 SFP Ports 

• 48 10/100+ 4 SFP Ports 

• 370WPoE 

• 370WPoE 

Catalyst 3750G-24TS-1U Catalyst 3750G-48TS 

• 24 10/100/1000+ 4 SFP 

• 48 10/100/1000 + 4 SFP 

Catalyst 3750G-24PS 

Catalyst 3750G-48PS 

• 24 10/100/1000 ♦ 4 SFP 

******** ******** ******** ■ a 

J **••••*• *•*••••• m fi 

• 48 10/100/1000+ 4 SFP 

• 370WPoE 

• 370WPoE 


lil "■ --' 3^0^. aua y* lSj~*~ ^ 1 ^^ caljj Oj^j ^j^aj 


AiSh^yJi caiSLaJi ^ tp ^ ^ij) ^ --]»i 37507C 




Cal^fiudli ^llc. ^ Cjlc-^udll 
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(jjiLUH Aj£Loi!>UI l-ujSj 



jnliJt Jj15"UU 

multimode j single mode u* J>USn ^ oU-y L>aJ 
jJi j AL^kJi oliLJ.1 j monomode UL>-i j Single-Mode Fiber L.U 

^ jj 5 l <3 oiSLiJi -KA 5 backbone cable v-l-i o*M£s" 
jLtjLS' 1 Jji (_j 0jw2,aJi oiiL~<JJ (3 <ju Jaj^JJ A/Lultimode l»i j 

-UIp 


OH olijjiJl Cw JliJl JSCdJl J 



O^j l^sJl J <4^-1 J JlJLLc*^ j J^^br 4 Jsj>- ^jol JlS^ joli 4 j (3^ J 

0wL& ^ (jyjJl ^LJl j patch cord, j_& j joli ^jol Jj>-Ij ^J,b Lg-Ul j 


Zipcord Distribution Loose Tube Breakout 





c'^K un\l ate. ^ Cjlc-^udll e_i^k 

























wireless4arab.net 4_£Lai!>UI CjKu^I c_jjj£j 

<LSCiJli ^jJl 4-jjdl <lL«l*Jl 4 J 3 j L^jlc ^4-ajjI j-A joLjJl oMjlif-X* <3 3 jI*JI j 

lJU^I AjilSsJ d)l I jj^ j L^jLS" olJ^SO j Jj-Lj o*)AjIS\J| L^Sy j! LAIwLjlxI 

5j iL*ji .jgSn ^ % 50 jijiic Jug 


Transceiver oU%U UJli 

oUjjj Uu cjgj u*Jri j^Jb c^JOi jl Gigabit interface converter - GBIC Lf *~j 

~wuUii j-v^g.1 j*^g 4^>jg» jji uTji ^gj* oL«jg.i eJ_& j GF3IC oL*jg* j 

— joli ^15"<JU*- (3 jol&il jJjIS"" cb 1 ^ tg 1 a'.i \Jjyjs 4^Ui! ,jl (3 SjLi'^ll J *b 

Mini-GBICs j GBIC u> ^S'yi 3 ^wL>GLovO ^ 


ojj2i SC joli ^ ^^3 CxI3ICZ> 


tali 



(SFP) 


Small Form Factor sudi Mini-GBICs 


0 j_£> JlL« LC joli 





c'^K un\l Jtc. Cjlc-^udll c-j^a. 












wireless4arab.net 4_£Lai!>UI CjKu^I 

J*£jl |*-% J CxBI(2 *y 2970 ^ 2900 ^Jji> a-cjjlIi 3 

d^A>> b/ 4 I 



Connectors o^jii but, 

^b)i J^SCJi ^lic Sjjwip LjjJ j GBIC J^SG j ^ j GBIC (3 <jbi obb£ j 



^jolLaII 


^K'uill aIIc. Cjlc-^udll l_i^. 
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SFP - Mini GBIC ^ 3 _*i LC 


jjSJaUU Aj£Loi!>UI cliK nioll 

b»li SC j LC U* 1 L® c—JLp! j 
GBIC SC ^^Ji 


Jjlp j SC y>-^\ e-ijJflJl j LC £^Jl (j- 4 b$-^ (S^“\ ^ >bbT (j! l)L^~*yi l/ 2 *-! ci ^b^- bL^~l j 

di-L& Ju^ GBIC (j 




loooBaseX To eternal 

network 1000 Base X 


network 


■i'j* jl ojSilt LjU 

Uplink UJ LJip i$a. JS" d^ bj^J I ^ I I L^fc-wT Oj^J b JfU LflJ I d-^ jk 

joli oIjjjj b£ ^U^Cd d-JjjS^ lA jijj l) 1 oj^j>r b Lg-lajy 1)1 blsj 1 ^Jg.l»*d3 ^1 j d->bidjj-oJl ^jru 


bbj>“l ^ jh 1 |^b^Jl A ^3 wV^r^J ^ C^vOlTC ^ l!SI^ ^ l$.w\j A^\»ok»vJl <*b( 2 «cb o^^b 4 ^JbJl A^s«*«*»vJl 

^ j Acsess ^ ^bbi dLSCtJ ^Ai ^Ui 2ui j j Distribution ^ aJ ^3 ^JJi ISP j b^3 

b^® ^Jl^S-^O b*> b - j ji ^jb 1 C_»** b»«^-0^^»vj 1 L J s- 


^juaAaH J^U 


djl£fiud]| aIIc. ^ djl^ jjoiII l_i^. 
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(jjiLUH Aj£Loi!>UI djKn*i\l l-ujsj 


Gigabit Ethernet 


Gigabit EtherChannel ® 


Gigabit EtherChannel 
10 Gigabit Ethernet 


10 Gigabit Ethernet 
10 Gigabit EtherChannel 



Cisco Catalyst Series 2950 
Cisco Catalyst Series 3550/3750 
Cisco Catalyst Series 4500 
Cisco Catalyst Series 6500 


Cisco Catalyst Series 4500 
Cisco Catalyst Series 6500 


•Cisco Catalyst Series 6500 


joli d->ljlU Oj G 131 C dJ^ y 


Jli UlUll UU? j 

y& US" ^JlS" L—<~o>U 


Cisco 

Catalyst 

1 GE 
Uplinks 

10/100/1000 

Ports 

10 GE Ports 

1GE fiber 

(GBIC & SFP) 

2950 

2 

2/module ^ 

V 

X 

2/module (GBIC) , 

3550 

2 

10/module 

50/stack 

X 

10/module (GBIC) 

50/stack 

3750 

1 

24/module 
216/stack * 

X 

4 SFP uplinks 

V 

4500 

2/sup 

48/blade 

240/chasis 

X 

48/blade (SFP) 
18/blade (GBIC )^ 

240/chasis 

6500 

2/sup 

v' 

48/blade 

384/chasis 

4/blade (Xenpak) 

32/chasis 

48/blade (SFP) 
16/blade (GBIC)^ 

384/chasis 


isGi jap d^uuJi ^Jjlj j 1000BASE—vUU ^JSGj 

j Console j <u^j jJi j DE-9 ^ ^ cJ%^>y jb. 25 siLJ. twinaxial cabling 

4_a_btd.l GBIC ei-fc J RJ o*>Gy> vu jJi j 8P8C connector 



4^jbbd.t Connectors 


JOI 1 <q\I 


djlSfiudll ^llc. ^gi djU 
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(jjiLUH Aj£Loi!>UI l-ujSj 



^\ySl\ Ui* jjZ c^- IBM BladeCenter j 



j 


CJ£l UJr' ol5L^ j "tfliaJi" cl/L* liJU 

4^»jb ^ |jj>r (j^SC« jJk j (JUlll |jj& AjLAsJ {J^&j 4^JUj j 4SA-jJl oAj& JuojJ J*&*£“ L5^ 

djJJlSl IjTj Jj j, <Lp^)l j iijjXJ ^jS\J j Ai^xil ciijjJ j dJjjJ (j^S\j jjii Ij^tj Iwlxj lA cAlv?) <L^JjL& 

dAii Juojd ^JlAl J <LplU 

O^AloJJ 4j^-AjJl CJ jJHS>\ 4JljUJJ 4-v^lA-l 4 j^Aj £j jJ ^Lp ^JlAAxo 4^-j JjAl CjL^j)!^J ill CjU^AA j 

4iwLv^ 4_^jij ^4 j^SsJl ( jli4 (1)1 1 )jSCJ| JjJjP oLj^AA JT (_£jJ (1)1 ^V-Jli 43LL2JI (j^SCa ^f 2 -*-* J (JjyiLl 




^'K'uill ate, ^ Cjlc-^udll t_J^k 
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10 Gigabit Ethernet 



b,l4 j IEEE 802.3ae LJp ^^J.1 cJp.y oiSUd jL*l ^jlsJi 10 Gigabit Ethernet 
WAN jISP 4^aAiLl oULJl j o^bj 2002 <j os j 10GBASE—X 

SOHO j LAN olsLaJi «jAj ^ Data Center j 

AS ol$GiJl AS 4_Jy j»Jo ljj£ j 10 gig J-* _J Uplink y_ l j' SJU . Cyd. 'yi y *)ts 

WAN Jia OC-192 i^JL 4 Optical Carrier transmission rates Jl. 43,14-1 oiSLaJi 

9.5 Gbps J^c jJi backbone, 

OC-12 (622 Mbps), OC-48 (2.488 Mbps), Ji. ou^ oU - sap ISP 
synchronous optical network (SONET), synchronous digital hierarchy (SDH), 
packet over SONET (POS), dynamic packet transport (DPT), resilient packet 
j juryi yj&is, j s-Cjj ^j LgjrjjLj -Ujj ( jJi oL»j4-i eJL ring (RPR) 

QOS (3 y44 ti ( jdl oljiiii)! oLikj ^3*^1 ls^ oliLJl jj3aj (Ja*^ ibply 4jli laA 

yyJi JSC IEEE 802.3 y,L^ ^p 10 Gigabit Ethernet 

J^iSU j ^‘12 gad j yyili JSC ^ j 3 Ethernet media access control (MAC) oVjSyjy ^ 


JUl 1 <qH 


dKu^ll Jlc. 


































wireless4arab.net aj^LoOUI diKu^l c_jjj£j 

j voip Ji. layer 3 j layer 2 oLLkJi j ISO jr jL*ii il& lJuf j full duplex jL^yi 

gigabit interface 3 3 A ^ L^p j via j C^OS 

converters - GBICs 


.isLaJi j 10 Gigabit oii^- ^ ^ 


LAN Applications 


Cam pis A 


Cam pis B 



►Cost-Effective Bandwidth for the LAN, Switch-to-Switch 
► U sed to Aggregate Multiple Gigabit Ethernet Segments 
►10 Gigabit EtherChannel Will Enable 20 to 30 Gbps Ifuture) 


dJ I yg2J>- 1_ 0 Glgclblt 01 Lo^S^ 

a^Lo. iUjf aSCjJi j old^Jl j uplink j clusters 

Ui 2 j| j MM fiber o^jIS"" j>p ^ 300 100 Ij*j '^ajtJi oLduj^ Cw tAi* 

SM fiber dUi j 40 ^ oliLi oidy^ -K A 

^yj d^2 1*3 lljJs j otAjlSvJl adl Id* j 


JUl 1 <q\I 


^llx. ^gi djlc-jjudll 
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Optical Transceivers for 10 Gigabit Ethernet 


PMO (Optical 




Minimum Distance 

Transceiver) 

Fiber Supported 

Diameter (microns) 

Bandwidth (MHz*km) 

[meters) 

850 nrn Serial 

10GBASE-S 

Multimode 

50.0 

500 1 

65 

1310 nm CWDM2.3 

10GBASE-LX4 

Multimode 

62.5 

160 

300 

1310 nm CWDM 

10GBASE-LX4 

Smgle Mode 

9.0M 

N_A. 

10,000 

1310 nm Serial 

10GBASE-L 

Smgle Mode 

9.0 

N_A. 

10,000 

1550 nm Serial 

10GBASE-E 

Smgle Mode 

9.0 

N.A. 

40,000 


MAN Applications 


• Cost and Complexity 
of Networks Reduced 

• Backbone Capacity 
Increased to 10 Gbps 

• Number of Network 
Elements Reduced 


TradilioiaI Telco Metro Network 



L3/4 Switch or Router L3/4 Switch or Router 


• Number of Protocols 
Reduced 

• Network Architecture 
Simplified 


10 Gigabit Ethenet Metro Network 




Ethenet Transport 


Ci stonier 


10 Gigabit Ethernet 
on Dark Fiber 


L3/4 Switch or Router 


Cistomer LAN 


L3/4 Switch or Router 




L-iKi aIIc. Cjlc-^udll 

















wireless4arab.net Aajja-llj aj£Loi!)UI diK^ll c_jjja j 

j 100 Jl J^j" oliLJ. metropolitan jail olSd J^b JajJl ^ 10 Gigabit ol«ia>^l a>-i 
Ji>f J* jaii o^ir r a^, (jJJi 1000BASE-ZX j 1000BASE-LX ^uii r ia>^b bJA 


JjISOi ^ d^l *j\ dM \ (1 )jJj ^ 


jJ* joLiJl o^AjIS" ^Jj>cdwvJ djl^ija# j dj^L^j^l djlS^JdJ I Jj>r SwdiLa IJj£ AdJdSl j 

OC-12 (622 jf OC-3 (155 Mbps) MAN ASCd* j»djL> Adi> jLp- J 

I jjk j SONET/ATM olS2d> oldJL*j ldjJ«j Ij? OSI /y» j Ai!till 4 JLI 2 JI oLidjj-^ JVlbpS) 

<j\J 4jjULa ^jSGjl (3 ^ 

j^Sc d^j>~ clouding ^je>iLdwv^3 dji jijy^i\ ajtjp d^dxd« d^lS2d (3 Oai! aSG>> ^wU 4 lj-& 

remote backup, disaster Jl. Uts" oUiii ^ijb^-i j lJU- j lJU* JLp *Jud*^ sUai^l 

oIjl^ j oLi; ^tJbsci^t ^ j 10 Gigabit Ethernet jL~» L^pju jJl aJi*Ji oU^Jb (Jaj diii j recovery 

wave division multiplexing (DWDM) jdi o^U^yi 



Localioi A 


• Eller prises 

- 10 GbEEnables Serverless Buildings, Remote Backup, Disaster Recovery 

• Service Providers: 

- 10 GbE Enables Dark Wavelength Gigabit Services at Costs Less Than T3 orOC-3 


Remote 

Servers 


10 GbE 


Localioi C 


Localioi B 


JUd 1 <qH 


(■"iKurtll -JLc, djlc-Jjudll 



(jjiLUil Aj£Loi!>UI diKmill 
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10 Gigabit Ethernet WAN Applications 


• Attachment to SONETAccess Equipment 

• Compatibility with the Installed Base of SONET OC-192 

• Interfaces and Links Between SP to IXC Networks Can be Co-Located 

• No Need for Protocol Conversion, Traffic Remains IP/Ethernet 


DWD Mux 



IXC WAN Transport Nelwork 
OC-192 SONET aid DWDM: 1000 s km 


Service Provider PoP 


Service Provider PoP 


Sai Jose, CA 


New York, NY 


L* Ui yi MAN j 4^1 I vL' WAN j 10 Gigabit Ethernet fijbtu-i 

DWDM ly^r\ ^ ^sijli jy s^ijJi OjSl j terabit routers Ji aiUAb multilayer switches 
Ethernet line-terminating ^L- \ drop multiplexers (ADMs) . devices 

JSGJi j is} US' equipment (LTE) 

aSElJi j transport protocol JlJi uTJ SONET Jyyyj ^lyii La j 

SONET OC-3 (155 Mbps), OC-12 (622 Mbps) oip^ 


JUd 1 <qH 


llK ^llx. djlc-jjudll 
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100 Gigabit Ethernet 



* 


Networks Are Coming 


High Speed Study Group (HSSG) apj^* l^p jlji . IEEE 802.3 J^p apj^ 2006 j 
i^p jiji (jjJi j "Road to 100G" 4p-j^^- oaJL*ji 2007 yjy 3 _j i bp^« yjlSTb <L**i^aJ 

oLyydJyi j Jj ^ jlid jp lOOGbE y Gigabit Ethernet 100 jUb 

^b 2011 ^-jU j Jap ^ 2010 jJjj j ratified <b p j 2008 j IEEE 802.3ba ^b IEEE 

802.3bg 

10 lSG-" oijj? j>p elJi j <ljU c^j 100 j 40 sp^o oLuJi d-*b jL*b 1L& j*po a5 j 

25 Gbit/s yGbit/s 

(3 o^LxpV bUi j Spy^Jl «.b£ d*«jb olyjlj jl obJUy^u d«P- y oy*J»t &X& ^y r 3 \)3 j*° 3 

4^*il lj_S> J ' $ ■* d" yS- Ojiddi obLjl d^ l 3d^ pjb»tL bilbj _J 9^j5r*yi (3 -bibj j 

l^p: oy j o^.jy jjp ^ La 4JI VI jdi EtherChannel j aggregation OjSC b. 

Ls-^j ^ r**2 *■ jbb.il 


^ t. >1 \a\\ 


l’IS G;3l ^Jtc. ^ Cjlc-^pudll 
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(jjiLUH Aj£Loi!>UI cdKydl l-ujSj 




Transition Module 


Transition Harness 


^ 10x10 MSA 10x10 Multi Source Agreement ^ 

optical Physical Medium ^Usi Jd 5 jbd ^ * yjlj y>J c—; 10 bj£*S- 

u y> j sJiUi JsL-jVt udj jjjy £• 4iUaJi Jd* d' (jiJi j Dependent (PMD) sublayer 
jL*lb s^uli a^-Ji «Jl* yy Huawei, Facebook , Google ols^Ji jujuJi j 

y»dL^"2 d- J-^' ^twJ. 


obL/stjl^ Jajj SJLj-ls d^"C.Jj“ 0 rl lljfc 


100 Gigabit Summary 

100GBASE-CR10 100GBASE-SR10 100GBASE-LR4 100GBASE-ER4 

Signalling 

10 x lOGbs 

10 x lOGbs 

4 x 25Gbs 

4 x 25Gbs 

Cable 

Twin ax 

MPG MMF 

Duplex SMF 

Duplex SMF 

Cable Spec 

- 

? 

? 

? 

Connector 

CXP 

CXP or CFP 

CFP 

CFP 

When 

Now 

Now 

Now 

f\J o w 


over single- o^y!' y> j^uil o'yis' j y-UJi sJyd o*dl£Ji d^ d*^ jbd*' '•!* b>l» Jy^Sn JS' <j j 

laser optimized multi-mode optical fiber (MMF) OM3 . mode optical fiber (SMF) 
ajja ^ j 0*)bl$sJl ( y* iJjJl Ijjis ^d"'••* bis L«5"" y?l>- j O^jj iy IxjaJ 4^S\J j — OJV14 

C Form-factor Pluggable (CFP) , QSFP , CXP oV*pji' 


^JOLLaII 


b'Kndl Jtc. Cillc-^pudll 
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QSFP28 

3 lA^ J j j ^j- 4 4JL)L» jL*i»l ^l)j^j |jj£ j 

aSLiJi J Sj^rSf' J-j«J ^ 4jij liA j Ethernet physical layer (PHY) ^ j cJj^ jJl oi^jdi 
oy^ojli jiSCii ,j\j ajjLl. eJ_& j 40 Gigabit j lOOGbE j s^siiM PH"Y o^jj oi 

100 Gb j cy^yi (j\j s^a^dw.J.i 



Routers and switches with lOOGbE interfaces 




i^KyHl ^Jtc. ^ Cjlc-^pudll 
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djjii \^jl> jLyj^j j 2007 jy*3jj 3 di-ta j 100GE j^s- Ju>o Alcatel-Lucent 4S^>> jy*^ 
olyjl^l Jud ^ clouding ^b^J! y^A-l oU dJJh « 2008 j l^d: ^ 100GE 

Cisco ASR yy, Jud j CRS-3 j CRS-1 Jju Cisco Carrier Routing System aijUM 

9000 



Cisco CRS-3 Carrier Routing System 


Cisco CRS-1 4-Slot Single-Shelf 

4 slots 

320 Gbps 

Cisco CRS-1 8-Slot Single-Shelf 

8 slots 

640 Gbps 

Cisco CRS-1 16-Slot Single-Shelf 

16 slots 

1.2 Tops 

Cisco CRS-1 Multishelf 

1152 slots 

92 Tbps 

Cisco CRS-3 4-Slot Single-Shelf 

4 slots 

1.12 Tbps 

Cisco CRS-3 8-Slot Single-Shelf 

8 slots 

2.24 Tbps 


jyu <u« j NE5000e oiyy. olyy, ^ Huawei y^Ji aSJjUi ^^Jib c~bL duos' 

OSN6800/8800 optical transport o^jpy. end-to-end 100G 



(T-series) , (MX ySCyJi c^- y^dJi ^ ix*j Juniper oiSCoJi ^ u u^j J>3 ^ « 

4UL«_jJi iSsj^i j (3 j lOOGbE jL*jt 3D) 


JUl 1 <q\I 


L*yK u : ;Jl ^Jtc. ^gi Cjlc-^pudll 
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Terabit Ethernet 


“next rate” 


oaS”^ a^j 4 jI ^ ^ [ % aja.^^1 ^ ^ 1 ■ '?j t^a^p a^^_w_v_Ll ^ ^ ti 4Jt^*o . ^ t^xoI 1 

OjSC o! i$Ji oiv^j jJi j 802.3ba standard jL*£ ls ^ 2 .i 100 GBps AS' 

J I I L<^u 0 *dj wL^r 4-JJ2J (_<a 1 iAaj L^j I ^ Lj I ^ I c.I ^ ^ ^ 

'kxj'j^t Aj\>r*)l\ CdlS"" J 

"Sorry, everybody: terabit Ethernet looks like it will have to wait a while longer. 

LjC jS 1 a^-ia^ jlkoy ^ . 11^ 1 ^L* la^ 

LjL>- (j 6d^ LCj j 

jJl j olSGkl jlip j aJytii SloUJi j*a^i^ ^Ik^. y& lTbE y Terabit Ethernet j 

100 Gigabit Ethernet ASj^d\ jjb J (j^l (l)L-vJ^I 4-Jl ( J^ f j L* ^^23! 

J (J^j^ J^ 4 0->s-Jl J £3Ij*a aJLILo^P j oL»Jj>- J (_£ Jj>r- ^Loduklj 

liJJ 

djju^lj jL^r jLL 4 (j-'® L» 4J2XJ diJi j 2015 3 dj-A £c^*)La ^J,I .j 

olSCd (j- 4 Ju4rl Ai^U^Jl l£j j 2020 J,l jjjI?J j j oL^I Ju*^p c3j^-^ Ji j^'yi l)I *)1\ 

2l5X-^i 4j^i oVL^tyl 

l^jka JS"joli J^- 16 J oVj^- ^IwL>cJLw44j diAi j 400 GBpS as-j^j (4^ oL^VI 

JSGji 3 c^: 100 GBps 3 ^ Ui* dAJi bj A \^ 1L? Ll 4_P^*«v4J ^ ^ ^«-j^j5(j 


^ t H \ a \\ 


l" 1< Unb ^Jtc. ^ Cjlc-^pudb 
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2S 

silicon lasers 


25 Qplical 
modulators 
r 40 Gbit/s) 


^ ^ ^ Ij 




^llc. ^ Cjlc-^udll 


